Abstract. Apoptosis has to be drastically controlled in organs with important cell turnover such as the colon. Deregulation of this process is often present in tumor progression. tissues of 82 patients treated for colorectal cancer (CrC) were analyzed using antibodies against AIF, p53, Dr4, Dr5, cleaved caspase-3 and the tUNeL method to detect apoptosis; whereas staining of Ki-67 was used as a proliferation marker. In situ immunohistochemical analyses were compared in non-tumor (Nt) cells from normal adjacent mucous membranes with tumor (t) cells from patients with stage I (n=6), stage II (n=35), stage III (n=27) and stage IV (n=14) CrC. results were correlated with the tumor stages and the treatment response of patients to improve the understanding of CrC development. p53 and Dr5 expression decreased progressively with CrC stage, suggesting that these proteins are important markers of advanced tumor stages. Moreover, p53 appears as a prognostic factor to predict recurrence-free survival. Including the detection of p53 and Dr5 for establishing the diagnosis of CrC and adapting the treatment to each patient is strongly suggested by our work.
Introduction
Colorectal cancer (CrC) is one of the most common forms of cancer. Despite substantial advances in treatment, it remains the second most deadly disease in the Western world: the highest incidence is found in North America, Western europe, Australia/New Zealand and Japan, the lowest in Asia, Africa and an intermediate is found in parts of south America (1) . In 2006, more than 200000 cases of the 1.7 million cancer deaths in europe were due to CrC without gender distinction (2) . the main prognostic indicator for CrC is the tumor staging based on the invasion of the parts of the colic wall and defined by the international pathology tumor node metastasis (ptNM) classification system (3) . Considerable independent variability in clinical outcome is observed, in particular for stages II and III, which may be a consequence of altered rates of apoptosis and cell proliferation. tumor growth is favored if the delicate balance between apoptosis at the top of the crypt and proliferation at the base is altered (2, 4) . the cytotoxic action of most chemotherapeutic drugs is mediated through the activation of apoptotic pathways (2, 5) . First described by Kerr and co-workers (6), apoptosis is a programmed cell death characterized by two major pathways: the extrinsic or death receptor pathway and the intrinsic or mitochondrial pathway (7) . In addition, communication between pathways can occur at various stages, with the protein Bid for example (8) , and other mechanisms independent of the caspase cascade have been described, including in particular the apoptosis inducing factor (AIF) (9, 10) .
Despite the increasing therapeutic options, drug resistance remains a major problem. the chemoresistance may be inherent (in part due to the tumor heterogeneity) leading to lack of response, or acquired during the course of treatment, leading to disease recurrence. Different mechanisms have been discovered and resistance to apoptosis becomes increasingly apparent (11, 12) . In particular, the implication of Decoy trAIL receptors (Dcr1 or trAIL-r3 and Dcr2 or trAIL-r4) (13) and inhibitory of apoptosis proteins (IAp) (14) has been described. Data on the status of apoptotic protein expression in CrC are numerous but not clear, and often controversial (reviewed in ref. 15) .
the aim of our study was to compare the expression of proteins implicated in cell proliferation and apoptosis in tumoral (t) and non-tumoral (Nt) human colon tissues from different CrC stages. Moreover, results were correlated with clinicopathological parameters for giving information on the tumor environment and in predicting tumor behavior. Because the analysis of cells in their native tissue environment provides the most accurate picture of the in vivo disease state, we chose to undertake an immunohistochemical analysis. Moreover, Willie and co-workers have shown that the inter-nucleosomic cleavage of DNA that occurs during apoptosis can be followed by the tUNeL (terminal deoxynucleotide transferase dUtp nick-end labelling) method introduced by Gavrieli and coworkers (16) . thus, thick paraffin sections (4 µm) were subjected to immunohistochemistry using anti-Ki-67, p53, AIF, Dr4, Dr5 and cleaved caspase-3 antibodies and to in situ hybridization by tUNeL analysis. Correlations with the tumor grade, therapeutic response and survival were established. In addition, histologically normal colon from 10 patients who had been treated for benign pathologies such as idiopathic chronic constipation (n=7) or diverticulosis (n=3), constituted the 'Control group'.
Materials and methods

Patient
Patient follow-up and clinicopathological parameters. the clinical, para-clinical (biology and imagery) and histological parameters of patients were collected, and the post-operative recommended follow-up was made. Based on the CrC surveillance (17) , patients were seen within one month following resection, then abdominal ultra sonography and thoracic radiograph were obtained every 3-6 months for the first 3 years then every 6 months for 2 years. Computed tomographic scans were performed if abdominal Us or thoracic radiographs were doubtful. The first full colonoscopy was performed 3 years after initial surgery, then once every 5 years. positron emission tomographic (pet) scans were selectively performed when abnormalities or axial imaging raised the question of recurrence.
the primary end-points were disease-free survival (DFs) defined at the time from inclusion to the first of either confirmed recurrence or death and overall survival (OS) defined at the time from inclusion to death. Local recurrence was defined as the first clinical, radiologic and/or pathologic evidence of tumor of the same histological type within the colon. Distant recurrence was defined as clinical, radiologic and/or pathologic evidence of systemic disease at sites including, but not limited to the liver, lungs, peritoneum and para-aortic region. DFs and Os were determined depending on the stage (table I) . Evolution was defined as disease progression out of adjuvant therapy, chemoresistance as disease progression under or after adjuvant therapy and remission was defined when no clinical sign of disease progression was observed.
Tissue analysis. the resected specimens were subjected for classic pathologic assessment with the ptNM system (3). Histological slides were reviewed to identify normal-appearing areas and also tumor areas, excluding necrotic central tumor zone. Archived, formalin-fixed, paraffin-embedded blocks of tissues were obtained from the pathology Department, sectioned (4 µm in thickness) and stained with hematoxylin eosin safran (Hes) for diagnosis and ptNM grading as well as for immunostaining.
Immunohistochemistry. All antibodies used were previously assessed by immunohistochemistry [for Dr4 and Dr5 (18); for cleaved caspase-3 (19) ] or by Western blot analysis [for AIF (20) ; for cleaved caspase-3 (21)]. the antibodies p53 and Ki-67 are routinely used by the pathology Department. Details for immunohistochemistry are listed in table II. For manual immunohistochemistry, paraffin sections were deparaffinized in toluene, alcohol and rehydrated with phosphatebuffered saline (pBs). Before staining, the sections were subjected to steam heat antigen retrieval in citrate buffer (200 µM citric acid, 9.8 mM sodium citrate, pH 7) for 5 min. this step was repeated four times in a microwave oven (750 W). After washing in pBs, the slides were incubated for 10 min with 5% H 2 O 2 in methanol to inhibit endogenous peroxidases. Non-specific sites were blocked with pBs 3% bovine serum albumin (BsA) for 30 min. For automated immunohistochemistry, the BenchMark technology (Ventana Medical systems, Illkirch, France) was used. the slides were conserved with a non-aqueous mounting medium. the sections were examined with a Zeiss microscope and the images were acquired with a Zeiss camera.
to test the specificity of staining, negative control experiments were performed either by omitting primary antibody, by substituting primary antibody with a non-immune serum or by omitting both primary antibody and secondary antibody. Non-specific staining was not observed (data not shown).
TUNEL assay. the Deadend™ colorimetric tUNeL system (promega, Charbonnières-les-Bains, France) was used to end-label the fragmented DNA of apoptotic cells. the reaction is based on the incorporation of biotinylated nucleotide at the 3'-OH DNA ends using the terminal deoxynucleotidyl transferase recombinant (rtdt) enzyme activity. the enzymatic reaction was made as described by the manufacturers. Finally, sections were lightly counterstained with hematoxylin.
Quantification of immunostaining. the most homogeneous stained areas of each slide were selected for quantification. Immunoreactivity was scored by cell percentages: 0, 25, 50 and 75% of cells. three independent examinations were made on each slide by two individuals.
Statistical analysis. Overall variations in staining percentages and their relationship with tumor grade were evaluated by analyses of variance using sYstAt 12.0 (spss, 2007). tukey's post-hoc test was used to assess the significance of differences and P-value <0.05 was considered as significant. Correlations between parameters were calculated using spearman rho and conducted with pAst 1.83 (22) . survival curves were made by using the free access related to Dartmouth-Hitchcock Norris Cotton Cancer Center (http://biostat.hitchcock.org/Bsr/ Analytics/ComparetwosurvivalDistributions.asp).
Results
Clinicopathological characteristics and patient outcome. the studied population was composed of 82 patients (44 men, 54% Fifteen months later, at the second evaluation, 79 patients were evaluated (three were lost to follow-up). the Os rate was 49%: patient survival was 100% for stage I, 48% for stage II, 54% for stage III and 23% for stage IV. except for five patients of stage II whose deaths were not related to cancer, 5 patients died (2 of stage II, 1 of stage III and 2 of stage IV) because of their CRC between the first and the second time of analysis (table IB) . the global survival of patients based on CrC stages for the two analyses is presented in Fig. 1 .
Immunohistochemical and statistical analysis. Because proliferation, alteration and/or suppression of apoptosis have an important impact on CrC initiation and development (4), we studied proteins involved in these processes. An immunohistochemical study was carried out using antibodies which recognize extrinsic as well as intrinsic proteins. We chose to use the detection of cleaved caspase-3 and the DNA fragmentation by the tU N eL analysis, useful and complementary methods permitting to establish if a cell has undergone apoptosis. The 'Control group', was first evaluated for the constitutional expression of proteins and was then studied in the Nt tissue of each patient, which served as an internal control, before being studied in t areas. In fact, each patient was its own control.
Significant data were only obtained for the expression of p53 and Dr5, as discussed below. surprisingly, no correlation was found between apoptotic protein expression and response to treatment of patients (p>0.05).
The p53 expression in non-tumor areas is linked to advanced stages of CRC. the p53 protein is a DNA binding cell cycleregulating transcription factor that participates in the balance between cell survival and death, which is the main intrinsic factor inducing apoptosis by recognizing the external stimuli and driving an irreversible series of events, including structural and morphological changes. Although the mutated protein is the more easily detected form by immunohistochemistry (23), the expression of p53 observed in the Nt areas is certainly in part due to the damage caused by ischemia during the time of surgical intervention. the p53 expression is observed in the nucleus as well as in the cytoplasm of cells (Fig. 2) . It is present from 50% (24) to 75% of CrC patients cells (12, 25) , as we also found for the t areas in our study (52%; ±24.8%). Moreover, a significant decrease in expression of this protein was found in Nt tissues in function of CrC stages (Fig. 3, p=0 .0035 for the first follow-up and P=0.019 for the second follow-up), reinforcing the fact that the p53 expression could be used as a prognostic marker and also as a CrC advanced stage indicator. The DR5 expression in tumor areas is associated with the advanced stages of CRC. trAIL (tumor necrosis factor related apoptosis inducing ligand) activates apoptosis through the death receptors Dr4 (trAIL-r1) or Dr5 (trAIL-r2) which carry cytoplasmic death domains (26) . the expression of Dr4 and Dr5 by immunohistochemical analysis are cytoplasmic (18) , as in our work (Fig. 4) . More particularly for Dr5, when each stage is examined independently and compared with the others, our results showed that the expression decreased with tumor stages (Fig. 5; P=0 .027 for the first follow-up and P=0.032 for the second follow-up), suggesting that Dr5 would be a marker for tumor progress of CrC. No correlation between the survival rate based on the patient response to treatment and Dr5 expression was found.
Discussion
the colon is part of the organs that have an important rate of renewal. the number of epithelial cells has to be kept constant to maintain the intestinal homeostasis in all situations. therefore, an important balance between proliferation and apoptosis is present, probably influenced by individual variability.
Because it is well known that apoptosis reflects both proliferative activity and cell death (27, 28) , we chose to explore cell proliferation by the expression of Ki-67 and the cell death with proteins implicated in apoptosis (p53, AIF, Dr4, Dr5 and cleaved caspase-3) in association with the tUNeL analysis. After being validated on the 'Control group' to obtain constitutional expression, the rate of these proteins was studied in the Nt tissue [or 'normal' mucosa located near the tumor which could be interpreted as the earliest stages of cancer formation (2) ] and also in the t tissue of each patient. Finally, these expressions were correlated with personal parameters.
Our results show a clear decrease in the p53 expression in Nt tissues with the progress of CrC stage by stage ( Figs. 2  and 3 ; P=0.0035 for the first follow-up and P=0.019 for the second follow-up). Given that a comparative result has been found by Gurzu and co-workers in t tissues, these data suggest that a weak expression of p53 is correlated with advanced stages (29) . Obtained in the NT tissue, our original finding could be explained by a diminution of the apoptotic process usually found in the first steps of carcinogenesis, driving to an accumulation of damaged cells, linked to the cell death resistance, and finally to the development of carcinoma (2, 30) . Moreover, the future detection of p53 in non-cancerous tissues (as polyps for example) could help identifying people with a major risk for developing cancer because the lower the p53 expression, the higher the risk is.
Without making a distinction between CrC stages, Dr4 and Dr5 are increasingly expressed by tumor cells (18, (31) (32) (33) . However, contrary to a recent study (32) , a clear correlation between Dr5 expression and the different CrC stages (taken one by one) was found in our work ( Fig. 5; P=0 .027 for the first follow-up and p=0.032 for the second follow-up), reinforcing the idea that inhibition of the apoptosis process comes with CrC progression. this different result was probably obtained because of the higher number of patients included in our study (82 vs. 51) in addition to a 'Control group', and also to the immunohistochemical method employed reflecting more the in vivo disease than molecular biology. Because trAIL has a better affinity to fix Dr5 in physiologic conditions (13) , it certainly contributes more than Dr4 to induction of apoptosis. Our data suggest a decrease in the initiation of apoptosis by the extrinsic pathway due to the decreased expression of Dr5 during the CrC development stage by stage. this phenomenon comes certainly in addition to the existence of Decoy trAIL receptors (13) to explain the resistance to apoptosis.
Finally, in accordance with Bedi and co-workers, our results suggest a reduction of apoptosis in advanced stages of CrCs in Nt and t tissues that may contribute to tumor growth, clonal evolution and inherent resistance to chemotherapeutic agents (34) . Taken together, these data support the finding that when apoptosis is weak, a rapid progression of the disease may be observed (30) . Like other published works (30, (35) (36) (37) , no correlation between the status of studied proteins and response to treatment of patients was found in our study.
even if apoptosis, is the mechanism targeted by chemotherapeutic treatment, our work reinforces the fact that proteins implicated in proliferation and apoptosis are independent prognostic factors in the case of CrC, except for p53 and Dr5 which could be used as indicators of stage progress.
